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Sunday, February 3, 2013 119athe major histocompatibility complex (MHC). However, it remains unknown
how this interaction is translated into intracellular signaling. Three different
models of TCR triggering have been suggested which are based on aggregation,
segregation or a conformational change of the TCR. Here we exploit a combi-
nation of super-resolution fluorescence microscopy and single-particle tracking
to follow how the spatial distribution of proteins essential to T-cell activation
like the TCR, CD45 and Lck changes at the interface of live T-cells and various
surfaces. Whereas numerous studies have investigated the organization of these
proteins 5-10 minutes after contact formation between the cell and the surface,
our single-molecule imaging techniques enable us to study these processes
immediately after contact establishment. Thus our experiments provide new in-
sights into the molecular rearrangements that may underpin the initial events in
T-cell activation.
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T cell receptor (TCR) microclusters play an important role in early signaling in
T cells, and their properties and dynamic behavior are the active target of
research. TCR microclusters are, however, difficult to study because their
size is too small for conventional fluorescence microscopy and too large
for physicochemical methods that depend on proximity effect such as FRET.
We developed a new platform for probing and manipulating TCRmicroclusters
by mechanical means. A two-dimensional array of gold nanoparticles is embed-
ded on the glass substrate. A supported membrane, which acts as a surrogate
cell membrane that has laterally fluid ligand molecules for cells, was deposited
on a glass substrate with a regular array of gold nanoparticles. The supported
membrane interacted with T cells and the
behavior of TCR microclusters on the
T cell surface was effectively altered by
the gold nanoparticles. This platform of-
fers many opportunities for studying this
poorly understood size regime of protein
assemblies.
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The costimulatory molecules CD80 and CD86 regulate T cell signaling through
their interactions with CD28 on the T cell surface. Reports indicate that costi-
mulation increases T cell activation and lowers the TCR triggering threshold.
The regulatory role of these proteins is implicated in autoimmune disease
and has been exploited in clinical therapies. Despite the biomedical importance
of this process, the physical mechanism by which CD28 modulates T cell sig-
naling is unknown. We have developed a platform to study various aspects of
T cell costimulation using SNAP-tag fusions of CD80 and CD86. This ap-
proach provides a means for selective functionalization of the ligands through
the SNAP-tag domain. The costimulatory molecules are displayed on a sup-
ported lipid bilayer (SLB) mimicking the antigen-presenting cell. By labeling
each SNAP-tag with a single fluorophore, we can characterize protein mobility
and dimerization via fluorescence correlation spectroscopy and photon count-
ing. The SLB can also be chemically functionalized with peptide-MHC and
ICAM-1 to trigger the activation of primary T cells interacting with the
artificial membrane. Using this live T cell-supported membrane system and
high-resolution imaging, we can quantify the effects of CD28- mediated costi-
mulation on early T cell signaling.
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T cells are able to robustly discern extremely low numbers of agonist peptide
amidst a myriad of background peptides. Costimulation of CD28 on the
T cell by CD80 on the antigen presenting cell is known to enhance the sensi-
tivity of this recognition process, but the physical mechanisms by which these
two pathways interact remain unresolved. We quantitatively characterized the
T cell dose response to varying surface densities of both agonist peptide and the
costimulatory ligand CD80. Using time-lapsed TIRF and confocal microscopy,
the colocalization and internalization of TCR and CD80 was tracked over the
standard calcium response time. TCR and CD80 spatiotemporal dynamics var-ied between agonist surface concentrations in a non-linear manner. Implica-
tions of these results will be discussed.
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Members of Ras family of proteins are central regulators of crucial cellular pro-
cesses. Their deregulation is associated with severe diseases, such as cancer and
neuro-cardio-facio-cutaneous syndromes. Ras isoforms are very similar in
structure, but at least partially show distinct biological functions. The mecha-
nisms by which they realize different signaling outcomes are still not fully
understood.
Ras proteins are membrane anchored and in the membrane they show lateral
segregation into dynamic proteo-lipid domains, called nanoclusters. Nano-
cluster stability of H-ras is increased by galectin-1 (gal1), which can there-
fore be regarded as prototypic nanoclustering scaffold. We recently provided
evidence that Ras adopts guanine nucleotide dependent and isoform specific
orientation states on the membrane. These states are guided by a new switch
III region and are stabilized by the amphipathic helix a4 and the C- terminal
HyperVariable Region (HVR). Mutations on helix a4 and the HVR (orien-
tation-mutants) of H-Ras lead to systematically modulated interactions of
H-ras with the Ras binding domains of the effectors C-Raf (C-Raf-RBD)
and PI3Ka in BHK cells and different ppERK signaling and PC12 differen-
tiation outcomes. Interestingly, also gal1 differentially interacts with these
H-Ras mutants.
These latter results indicated that the Ras-orientation mechanism is also rele-
vant for its gal1-dependent nanoclustering.
In order to address, whether differential recruitment of the effectors in cells fol-
lows gal1-dependent nanoclustering, we are using sensitive cellular fluores-
cence microscopy techniques: FRAP to monitor immobilization of H-Ras
orientation mutants due to different gal1 level, STED-FCS to compare nano-
scale diffusion and FLIM-FRET to analyze the molecular complex of Ras
and above mentioned binding partners.
Our current data show that different H-Ras orientation mutants have different
abilities to form gal1-dependent nanoclusters, which then determines effector
recruitment rates.
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The Ras proteins have been repeatedly identified as key components in a wide
range of cell signalling networks. The classical Ras proteins all have at least
one C-terminal lipid anchor which is essential for both their membrane local-
isation within the cell and their biological activity. Coarse-grained molecular
dynamics simulations have, over the past few years, been established as a reli-
able technique for examining protein-lipid interactions, both for integral and
more recently for peripheral membrane proteins. We have used this technique
to examine how Ras proteins bind to a model phase-separated membrane con-
taining cholesterol. In particular, we wish to explore how Ras proteins may
cluster and what effect they have on the nature and size of lipid domains.
Each of the classical Ras proteins has a farnesyl lipid anchor, but HRas and
NRas may also be (reversibly) palmitoylated. We have therefore examined
the effect of removing one (or in the case of HRas, both) palmitoyl tails
upon their interactions with membranes.
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Activation of membrane-tethered H-Ras by the exchange factor Son of Seven-
less (SOS) is an important hub for signal transduction. SOS activates Ras by
catalyzing the exchange of Ras-bound GDP with GTP, triggering subsequent
downstream signaling in e.g. the MAP Kinase cascade. We employ supported
lipid membrane arrays displaying fluorescent nucleotide-loaded H-Ras to
monitor the specific activity of individual SOS molecules. In addition to
120a Sunday, February 3, 2013a catalytic site (C), SOS has a catalytically inactive allosteric Ras-binding site,
and together these sites form the catalytic core of SOS (SOScat). An N-terminal
region containing Pleckstrin Homology (P), Dbl Homology (D) and Histone
fold (H) domains in SOS-HDPC is known to auto-inhibit catalytic activity.
We have previously shown that the allosteric site allows SOS to concentrate
at Ras presenting membranes, dramatically increasing the Ras-GDP turnover
rate. Here, we use single molecule fluorescence microscopy and spectroscopy
to study conformational and functional dynamics of SOScat and SOS-HDPC
enzymes.Nuclear Pores
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Nuclear pore complexes (NPCs) are the gateways for nucleocytoplasmic ex-
change. Because single molecules undergo rapid transport, it is challenging
to follow their motion in live cells. Hence fundamental questions remain in re-
gard to the nanomechanical basis of selective gating of molecules through the
NPC in live cells.
We set out to address these issues by a combination of fluorescence correla-
tion spectroscopy (FCS) and real-time tracking of the center of mass of sin-
gle NPCs in live cells. The center of mass tracking allows us to create an
‘‘Einstein trap’’ in which the thermal motion of the entire pore is compen-
sated so that we observe the shuttling of single molecules in the reference
frame of the pore. Using this setup we demonstrate that the transport of
Karyopherin-b1 (Kapb1) receptor is regulated to produce a characteristic nar-
row correlation time within the NPC, which is the signature of directed-
motion events. We also show that the back and forth components of
Kapb1 transport are coupled by energy-consuming processes. Analogously,
the dynamics of nucleoporin-153 (Nup153) at the nanoscale is characterized
by a similar correlation pattern between two separate positions within the
NPC. By means of the pair correlation function (pCF) analysis we separate
the two components of Nup153 exchange: a fast collapse into compact con-
formations (cytoplasm-to-nucleus) and a slightly slower release into extended
conformations (nucleus-to-cytoplasm). We demonstrate that this signature ac-
tivity is directly linked to the functional import of classical transport recep-
tors and cargoes.
Thus, we propose that the selective gating through intact NPCs may be powered
by spring-like molecular engines As far as we know, this is the first time that
a selective gating model is proposed on the basis of experimental evidences ob-
tained in live, unperturbed cells.
Work supported by NIH-P41 P41-RRO3155,P50-GM076516.
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The Nuclear Pore Complex (NPC) mediates all transport between the nucleus
and cytoplasm. The channel of the NPC is lined with ‘‘FG Nups’’, a family of
intrinsically disordered proteins characterized by phenylalanine-glycine repeat
motifs. FG nups form the exquisitely selective filter of the NPC; non-binding
proteins are excluded while the binding of transport factors to the FG Nups
facilitates their passage through the NPC. Like other intrinsically disordered
proteins, the FG Nups appear to be very sensitive to their environment, showing
vastly different behavior in different experimental conditions; in vitro, the ob-
served behavior of the FG Nups varies from rigid gels to flexible random-coil
polymers. We used NMR to probe the behavior of model FG Nups of both fla-
vors, low charge (cohesive) and high charge (non-cohesive), within a variety of
environments and when bound to transport factors. Our results have important
implications for the various current models regarding the molecular mecha-
nisms of nucleocytoplasmic transport and behavior of weak cellular interac-
tions generally.
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Nuclear pore complexes (NPCs) are the gates that mediate the exchange of all
macromolecules between the cytoplasm and the nucleus. They are highly selec-
tive: inert proteins bigger than 30 kDa cannot diffuse through NPCs unless they
are bound to nuclear transport receptors (NTRs). This selectivity arises from
a supramolecular assembly of intrinsically unfolded nucleoporin domains
which contain phenylalanine-glycine (FG)-rich repeats, so called FG-repeat
domains (FGRDs). Different models for the size and species selectivity of
the permeability barrier have been suggested that build on different putative
supramolecular assemblies of FGRDs. A controversially discussed question to-
day is whether and how inter-FGRD interactions contribute to the function of
the permeability barrier. We have studied the inter-FGRD interactions in mono-
layers of end-grafted FGRDs which constitute a biomimetic nano-scale model
system of the NPC’s permeability barrier. A toolbox of biophysical character-
ization techniques enabled us to relate the strength of inter-FGRD interactions
of different FGRD types to monolayer formation and morphology. Our main
findings are that inter-FGRD interactions strongly affect the kinetics of forma-
tion, the morphology (thickness and lateral homogeneity), and the mechanical
properties of FGRD monolayers. Based on these results, we propose that the
strength of inter-FGRD interactions in the NPC has evolved to promote the for-
mation of a homogeneous meshwork with a small mesh size. Our results high-
light the importance of inter-FGRD interactions for the functionality, and hence
contribute important information to refine the model of transport across the
nuclear pore permeability barrier.
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The nuclear pore complex (NPC) is a large, multi-protein assembly that medi-
ates the selective transport of molecules between the cytoplasm and nucleus in
eukaryotic cells. While the proteins involved in the transport pathway have
largely been identified, the physical mechanism by which this complex can sup-
port both efficient and selective molecular transport remains unclear. Using
fluorescence microscopy and super-resolution imaging techniques, we have ex-
amined how nuclear transport receptors influence the permeability properties of
the NPC for both active and passive transport processes. We find that importin-
b binding to the nucleoporin Nup153 significantly slows passive transport
through the NPC; however, Ran in its GTP-bound form reverses this effect.
FRAP studies reveal that RanGTP weakens the binding interaction of impor-
tin-b to the NPC. Furthermore, STORM imaging of individual importin-b
localizations inside the NPC show that RanGTP dramatically changes the
importin-b distribution within the channel. These results suggest that impor-
tin-b in conjunction with Nup153 is an integral component of the NPC perme-
ability barrier which is regulated by RanGTP.
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In eukaryotic cells, the flow of genetic information is regulated by selective
nucleocytoplasmic transport of individual messenger RNA:protein complexes
(mRNPs) through the nuclear pore complex (NPC). Each NPC, ~200 nm in
length and ~50 nm in inner diameter, is a large assembly of multiple copies
of ~30 nucleoporins. However, the nuclear export kinetics, three-
dimensional (3D) pathway and selectivity step of mRNPs transiting an indi-
vidual NPCs remain poorly understood. Here we employ single-molecule fluo-
rescence microscopy with an unprecedented spatiotemporal super-accuracy of
8 nm and 2 ms to characterize nuclear mRNP export in living cells. We find
that, mRNPs exiting the nucleus are decelerated and selected at the narrowest
region of the NPC, and adopt a fast-slow-fast diffusion pattern as they trans-
locate through the NPC. 3D mapping translocation pathway for mRNPs fur-
ther indicates only one third of all mRNAs successfully transits during their
